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(54) Phase-locked loop. 



(57) A phase-locked loop according to the present 
invention includes first and second frequency 
demultipliers, and a plurality of phase/frequen- 
cy detectors. The first and second frequency 
demultipliers divide frequency of first and sec- 
ond signals by a predetermined number. Each 
of the plurality of phase/frequency detectors 
compares two signals supplied from the first 
and second frequency demultipliers. In accord- 
ance with a comparison result of the plurality of 
phase/frequency detectors, phase of the second 
signal is adjusted to be synchronized with the 
first signal. 
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FIELD OF THE INVENTION 

This invention relates to a phase-locked loop, and 
more particularly to, a phase-locked loop used for a 
jitter attenuator. 

BACKGROUND OF THE INVENTION 

A phase-locked loop is widely used in technical 
fields, such as a frequency control, a frequency syn- 
thesizing, an FM (frequency modulation) demodula- 
tion, a data recovery, a signal synchronization, etc. 
One of the applications of the phase-locked loop is a 
jitter attenuator for removing jitter which is fluctuation 
of phase carried on clock signal. 

A first conventional phase-locked loop includes a 
phase/frequency detector for comparing phases be- 
tween an input signal and an output signal, a loop filter 
for supplying a control signal in accordance with a sig- 
nal supplied from the phase/frequency detector, and 
a voltage controlled oscillator. The voltage controlled 
oscillator adjusts a phase of the output signal in ac- 
cordance with the control signal supplied from the 
loop filter in order that the input signal and the output 
signal are synchronized. 

When a phase-locked loop is used for a jitter at- 
tenuator, it is necessary that a loop bandwidth thereof 
is narrower than a frequency component of jitter to be 
removed. Therefore, a phase difference between an 
input signal having jitter and output signal having no 
jitter becomes large. In such a phase-locked loop, it 
is necessary that a tracking range is wide in order to 
keep synchronism between an output signal and an 
input signal without phase slip. 

Such a phase-locked loop having a wide tracking 
range has been proposed in a report "JITTER AT- 
TENUATION PHASE LOCKED LOOP USING 
SWITCHED CAPACITOR CONTROLLED CRYSTAL 
OSCILLATOR" IEEE 1988 CUSTOM INTEGRATED 
CIRCUIT ITS CONFERENCE. 

Next, a second conventional phase-locked loop 
shown in the above report will be explained. The sec- 
ond conventional phase-locked loop includes, in ad- 
dition to the first conventional phase-locked loop, first 
and second frequency demultipliers for dividing fre- 
quency of input signal and output signal into a prede- 
termined number (N). 

According to the second conventional phase- 
locked loop, the divided signals are compared by a 
phase/frequency detector, so that tracking range of 
the phase-locked loop is expanded. 

However, loop gain and loop bandwidth are de- 
creased, and pull-in time is long. Further, jitter is in- 
creased at low frequencies of the output signal. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the invention to pro- 



vide a phase-locked loop in which tracking range can 
be expanded without reduction of loop gain and loop 
bandwidth, and pull in time is short. 

It is another object of the invention to provide a 
5 phase-locked loop used for a jitter attenuator in which 
tracking range can be expanded without increase of 
output jitter at low frequencies. 

According to the invention, a phase-locked loop, 
includes: 

10 a first frequency demultiplier for dividing an in- 

put signal into plural input divided signals, the plural 
input divided signals having a predetermined phase 
difference from others; 

a second frequency demultiplier for dividing an 
15 output signal into plural output divided signals, the 
plural output divided signals having the predeter- 
mined phase difference from others; 

plural phase comparator each comparing 
phases of two corresponding input and output divided 
20 signals selected from the plural input and output div- 
ided signals; 

means for adding output signals of the plural 
phase comparators: 

a loop filter for generating a voltage control sig- 
25 nal by receiving an output signal of the adding means; 
and 

a voltage controlled oscillator for generating a 
phase synchronous output signal by receiving the vol- 
tage control signal, the phase synchronous output 
30 signal being the output signal to be divided by the sec- 
ond demultiplier. 

The other objects and features of this invention 
will become understood from the following description 
with reference to the accompanying drawings. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram showing a first conven- 
tional phase-locked loop; 
40 Fig. 2 is a logic circuit showing a phase/frequency 

detector used in the first conventional phase- 
locked loop; 

Fig. 3 is a circuit diagram showing a loop filter 
used in the first conventional phase-locked loop; 

45 Fig. 4 is a timing chart showing operation of the 

first conventional phase-locked loop; 
Fig. 5 is a block diagram showing a second con- 
ventional phase-locked loop; 
Fig. 6 is a timing chart showing operation of the 

so second conventional phase-locked loop; 

Fig. 7 is a block diagram showing a phase-locked 
loop of a first preferred embodiment according to 
the invention; 

Fig. 8 is a circuit diagram showing a frequency de- 
55 multiplier used in the first preferred embodiment; 
Figs. 9 and 10 are timing charts showing opera- 
tion of the first preferred embodiment, respective- 
ly; and 
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Fig. 11 is a block diagram showing a phase- 
locked loop of a second preferred embodiment 
according to the invention. 

DESCRIPTION OF THE PREFERRED 5 
EMBODIMENTS 

For better understanding the background of the 
present invention, the basic principle of the conven- 
tional technology is first described hereinafter with 10 
reference to Figs. 1 to 6. 

Fig. 1 shows a first conventional phase-locked 
loop which includes a phase/frequency detector 101 
to which an input signal "IN" is supplied, a loop filter 
102 of charge pump type connected to the 15 
phase/frequency detector 101, and a voltage control- 
led oscillator 103 connected to the loop filter 102 and 
providing a loop- back to the phase/frequency detec- 
tor 101, wherein an output signal "OUT of the voltage 
controlled oscillator 103 is supplied to the 20 
phase/frequency detector 101, and phases of the in- 
put signal "IN" and the output signal "OUT" are com- 
pared by the phase/frequency detector 101. 

Fig. 2 shows the phase/frequency detector 101 
which includes plural NAND gates connected as 25 
shown therein, input terminals "V" and "R", and output 
terminals "U" and "D". 

Fig. 3 shows the loop filter 1 02 which includes two 
current sources 19a and 19b connected to a power 
supply and ground, respectively, up and down 30 
switches 20a and 20b serially connected between the 
current sources 19a and 19b, a resister22 connected 
to a node 25, and a capacitor 24 connected between 
the resister 22 and ground. 

Fig. 4 shows a timing chart of the first convention- 35 
al phase-locked loop. In the phase-locked loop, when 
phase of the output signal "OUT" precedes that of the 
input signal "IN", an "UP" signal is supplied from the 
phase/frequency detector 1 01 to the loop filter 1 02, as 
shown in Fig. 4. In response to the "UP" signal, the up 40 
switch 20a is turned on, so that a high level signal is 
supplied to the voltage controlled oscillator 1 03. Then, 
the voltage controlled oscillator 103 supplies an out- 
put signal "OUT" having a phase adjusted in accor- 
dance with the output signal of the loop filter 102. 45 

On the other hand, when phase of the output sig- 
nal "OUT lags that of the input signal "IN", a "DOWN" 
signal is supplied from the phase/frequency detector 
101 to the loop filter 102 (not shown in Fig. 4). In re- 
sponse to the "DOWN" signal, the down switch 20b is so 
turned on, so that a low level signal is supplied to the 
voltage controlled oscillator 103. 

Then, the voltage controlled oscillator 103 sup- 
plies an output signal "OUT" having a phase adjusted 
in accordance with the output signal of the loop filter 55 
102. 

In the first conventional phase-locked loop, trans- 
fer function H(S) of the loop is calculated by the fol- 



lowing expression (1). 
H(S) = (2 % © nS + © n2) / (S* + 2 % © nS + © 
n 2 ) (1) 

where 

"©n" = (K 0 I P /2*C) 1 ' 2 , and 
T = RC © n/2 

In this expression (1), "Kq" means gain of the vol- 
tage controlled oscillator 103, "l 0 * means amount of 
current flowing through the charge pump of the loop 
filter 102, "C" means a capacitance of the capacitor 
24, and "R" means resistance of the resistor 22. 

According to the first conventional phase-locked 
loop, phase of the output signal "OUT" is adjusted in 
accordance with an output of the phase/frequency de- 
tector 101 , so that phases of the input signal "IN" and 
the output signal "OUT" are synchronized. However, 
a tracking range of the phase-locked loop is not suf- 
ficient in width for a jitter attenuator. 

Fig. 5 shows a second conventional phase- 
locked loop used for a jitter attenuator. The phase- 
locked loop includes a first frequency demultipiier 1 04 
for dividing a frequency of an input signal "IN" by a 
predetermined number (N), a phase/frequency detec- 
tor 101 connected to an output of the first frequency 
demultipiier 1 04, a loop filter 1 02 of charge pump type 
connected to an output of the phase/frequency detec- 
tor 101 , a voltage controlled oscillator 103 connected 
to an output of the loop filter 102, and a second fre- 
quency demultipiier 105 connected between an out- 
put of the voltage controlled oscillator 103 and an in- 
put of the phase/frequency detector 101. The 
phase/frequency detector 101 and the loop filter 102 
have the same structure as those of the first conven- 
tional phase-locked loop shown in Figs. 2 and 3, re- 
spectively. 

In the second conventional phase-locked loop, 
frequencies of input and output signals "IN" and 
"OUT" are divided in the first and second frequency 
demultipliers 104 and 105, respectively by a predeter- 
mined number (N). And, the divided signals are com- 
pared by the phase/frequency detector 101, so that 
tracking range of the phase-locked loop is expanded. 
That is, tracking range of the phase/frequency detec- 
tor 101 is± 2rc, so that the total tracking range of the 
phase-locked loop becomes ±2Nrc. 

Fig. 6 shows a timing chart of the second conven- 
tional phase-locked loop, in case that each of fre- 
quency demultipliers 104 and 105 has a division ratio 
of 1/4. In this case, the number of control signals ("UP" 
and "DOWN") supplied to the loop filter 102 is de- 
creased to quarter as compared with the first conven- 
tional phase-locked loop. As a result, the decrease of 
the number of control signals ("UP" or "DOWN") is 
equivalent to a decrease of current flowing through 
the charge pump. Therefore, " © n" can be indicated 
by the following expression (2). 

©n = (Kol p /2nNC)i« (2) 

As understood from the expression (2), loop gain 
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and loop bandwidth are decreased, and puli-in time is 
largely increased. 

Further, in the loop filter 102, an electric potential 
of "I p x R M occurs between both sides of the resistance 
"R" at each time when "UP" or "DOWN" signal is sup- 
plied to the loop filter 102. Therefore, a voltage of 
step-shaped wave is applied to the voltage controlled 
oscillator 103, so that the output signal "OUT" 
changes in step-shaped wave. The stepped change 
occurs synchronously with a frequency of the input 
signal "IN". Therefore, jitter having a basic component 
of 1/N in frequency of the input signal "IN" is generat- 
ed in the output signal "OUT*. 

On the other hand, according to the first conven- 
tional phase-locked loop, jitter has a reference fre- 
quency which is the same as the input signal "IN", so 
that the jitter is generally negligible, excepting a par- 
ticular case such as an FM demodulation circuit. 

Fig. 7 shows a phase-locked loop of a first prefer- 
red embodiment according to the invention. The 
phase-locked loop includes a first frequency demulti- 
plier 104 for dividing frequency of an input signal "IN" 
by four, four of phase/frequency detectors 11 to 14 
each connected to an output of the first frequency de- 
multiplier 104 through lines 61 to 64, two of OR gates 
106 and 107 each connected to outputs of the 
phase/frequency detectors 11 to 14 through lines 81 
to 84 and 91 to 94, a loop filter 102 of charge pump 
type connected to outputs of the OR gates 106 and 
107, a voltage controlled oscillator 103 connected to 
an output of the loop filter 1 02, and a second frequen- 
cy demultiplier 105 connected between an output of 
the voltage controlled oscillator 103 and inputs of the 
phase/frequency detectors 11 to 14 through lines 71 
to 74. 

In the phase-locked loop, the lines 81 to 84 are for 
"UP" signals, and the lines 91 to 94 are for "DOWN" 
signals. 

The loop filter 102 includes two current sources 
1 9a and 1 9b connected to a power supply and ground, 
respectively, up and down switches 20a and 20b ser- 
ially connected between the current sources 19a and 
1 9b, a resister 22 connected to a node 120, and a ca- 
pacitor 24 connected between the resister 22 and 
ground. 

Fig. 8 shows the frequency demultiplier 104 of a 
Johnson counter. The frequency demultiplier 104 in- 
cludes four flip-flops 1a, 1b, 1c and 1d of D-type 
which are connected serially and supplied with the in- 
put signal "IN", an inverter 28 connected at an input 
to the flip-flop 1d and at output to the flip-flop 1a, and 
four output terminals "OUT1", "OUT2", "OUT3" and 
"OUT4". The output terminal "OUT1" is connected be- 
tween the flip-flops 1a and 1b, the output terminal 
"OUT2" is connected between the flip-flops 1b and 
1c, the output terminal "OUT3" is connected between 
the flip-flops 1c and 1d, and the output terminal 
"OUT4" is connected between the flip-flops 1d and 
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the inverter 28, respectively. The second frequency 
demultiplier 105 has the same structure as the first 
frequency demultiplier 104. 

Fig. 9 shows a timing chart of the frequency de- 
5 multiplier 1 04. According to the frequency demultiplier 
104, output signals have quarter phase difference 
each other. The quarter phase difference is deter- 
mined to correspond to one period of the input signal 
"IN". 

10 Fig. 10 shows a timing chart of the phase-locked 

loop of the first preferred embodiment. 

In the first preferred embodiment, frequency of 
the input signal "IN" is divided by four, and the divided 
signals are supplied to the phase/frequency detectors 

15 11 to 14, respectively. And, frequency of th output sig- 
nal "OUT" is divided by four, and the divided signals 
are supplied to the phase/frequency detectors 11 to 
14, respectively. In each of the phase/frequency de- 
tectors 11 to 14, frequencies of the two supplied sig- 

20 nals are compared, and "UP" or "DOWN" signal is 
supplied to the OR gates 106 or 107. 

At this time, when at least one "UP" signal is sup- 
plied to the OR gate 106, a high level signal is sup- 
plied to the UP switch 20a, so that the switch 20a is 

25 turned on. Therefore, high level signal is supplied to 
the voltage controlled oscillator 103, and the output 
signal "OUT" of a phase corresponding to the applied 
voltage is supplied to the second frequency demulti- 
plier 105. 

30 On the other hand, when at least one "DOWN" 

signal is supplied to the OR gate 107, a high level sig- 
nal is supplied to the DOWN switch 20b, so that the 
switch 20b is turned on. Therefore, low level signal is 
supplied to the voltage controlled oscillator 103, and 

35 the output signal "OUT" of a phase corresponding to 
the applied voltage is supplied to the second frequen- 
cy demultiplier 1 05. Thus, a phase of the output signal 
"OUT" is adjusted, so that phase of the output signal 
"OUT is synchronized with a phase of the input signal 

40 "IN". 

According to the first preferred embodiment, 
though input and output frequencies are divided by 
the frequency demultipliers 104 and 105, the number 
of phase comparison between the input signal "IN" 

45 and the output signal "OUT" is not decreased. That is, 
the loop characteristics such as loop gain, loop band- 
width, pull-in time, etc. do not become worse. Further, 
in the first preferred embodiment, output jitter has a 
frequency of the input signal "IN" as a reference fre- 

50 quency, so that the jitter does not occur at high fre- 
quencies of the output signal "OUT". 

Fig. 11 shows a phase-locked loop of a second 
preferred embodiment according to the invention, 
wherein like parts are indicated by like reference nu- 

55 merals, as used in Fig. 7. The phase-locked loop is 
provided with four charge pumps 201 to 204 which are 
supplied with "UP" and "DOWN" signals from 
phase/frequency demultipliers 11 to 14, respectively. 
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In the second preferred embodiment, outputs of 
the charge pumps 201 to 204 are summed in current, 
and the summed current is supplied to a loop filter in- 
cluding a resistor 22 and a capacitor 24, a terminal 
voltage of which is applied to a voltage controlled os- 
cillator 103. 

According to the second preferred embodiment, 
each of "UP" and "DOWN" signals is summed after 
being converted from pulse to current, so that loop 
gain is constant during a state where the phase dif- 
ference is zero to 2N n . On the other hand, according 
to the first preferred embodiment, outputs 81 to 84 (91 
to 94) of the phase/frequency detector 11 to 14 are 
overlapped one another, in case that a phase differ- 
ence between the input signal "IN" and the output sig- 
nal "OUT" is over ± 2 n , so that UP (DOWN) signal is 
supplied from the OR gate 106 (107) continuously. 
Consequently, even if the phase difference is in- 
creased more than ± 2 n , current flowing through the 
charge pump is not increased in proportion to the in- 
crease of the phase difference, so that a loop gain is 
reduced. 

Although the invention has been described with 
respect to specific embodiment for complete and 
clear disclosure, the appended claims are not to be 
thus limited but are to be construed as embodying all 
modification and alternative constructions that may 
occur to one skilled in the art which fairly fall within the 
basic teaching herein set forth. 

That is, for instance, an exclusive logic circuit and 
a multiplier may be used as a phase comparator, a 
low-pass filter of active or passive type having a re- 
sistor and a capacitor may be used as a loop filter, and 
a binary counter may be used as a frequency divider. 



Claims 

1. A phase-locked loop, comprising: 

a first frequency demultiplier for dividing 
an input signal into plural input divided signals, 
said plural input divided signals having a prede- 
termined phase difference from others; 

a second frequency demultiplier for divid- 
ing an output signal into plural output divided sig- 
nals, said plural output divided signals having 
said predetermined phase difference from oth- 
ers; 

plural phase comparator each comparing 
phases of two corresponding input and output 
divided signals selected from said plural input and 
output divided signals; 

means for adding output signals of said 
plural phase comparators: 

a loopf liter for generating a voltage control 
signal by receiving an output signal of said adding 
means; and 

a voltage controlled oscillator for generat- 



ing a phase synchronous output signal by receiv- 
ing said voltage control signal, said phase syn- 
chronous output signal being said output signal to 
be divided by said second demultiplier. 

5 

2. A phase-locked loop, comprising: 

a first frequency demultiplier for dividing 
frequency of a first signal by a predetermined 
number "N"; 

10 a second frequency demultiplier for divid- 

ing frequency of a second signal by said prede- 
termined number "N"; 

a plurality of comparators each comparing 
two signals supplied from said first and second 
15 frequency demultipliers; 

means for supplying a control signal in ac- 
cordance with a digital output signal of said plur- 
ality of comparators; and 

an oscillator for generating said second 
20 signal having a phase adjusted in accordance 
with said control signal. 

3. A phase-locked loop, according to claim 2 or 3, 
wherein: 

25 each of said first and second frequency 

demultipliers are of Johnson counter. 

4. A phase-locked loop, according to claim 2 or 3, 
wherein: 

30 said oscillator is a voltage controlled oscil- 

lator which supplies said second signal having a 
phase controlled in accordance with a voltage 
level of said control signal. 

35 5. A phase-locked loop, according to claim 2, 3 or 4, 
wherein: 

said control signal supplying means com- 
prises: an adder for adding said digital output sig- 
nals supplied from said plurality of comparator; 
40 and a loop filter comprising a charge pump for 
supplying a control signal in accordance with an 
output signal of said adder. 

6. A phase-locked loop, according to claim 5, where- 
45 in: 

said adder comprises two OR gates sup- 
plied with output signals from said plurality of 
comparators, respectively. 

50 7. A phase-locked loop, according to claim 2, 3 or 4, 
wherein: 

said control signal supplying means com- 
prises: a plurality of charge pump each connected 
to said plurality of comparators, respectively, and 
55 outputs thereof are connected to common output 

line. 
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